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Children who die after operation for pulmonary atresia
and intact ventricular septum may have myocardial isch-
emia. The relation between histologic evidence of myo-
cardial ischemic injury and the presence of a right ven-
tricle to coronary artery fistula, coronary artery dysplasia
and operation in 17autopsy specimens was assessed. Age
at death ranged from 1 day to 16 years (median, 11
days). Of the 17 hearts, 6 (35%) had right ventricle to
coronary artery fistulas, 5 of which had coronary artery
dysplasia. In three cases, there was segmental or com-
plete absence of a coronary artery. Ischemia was present
in four of these six hearts, two of which had right ven-
tricular outflow reconstruction. Six of the 11hearts with-
out right ventricle to coronary artery fistulas also had
Children with pulmonary atresia and an intact ventricular
septum have a high mortality rate, even with palliative or
corrective surgery (1-4). This may be due, in part, to myo-
cardial ischemia or infarction (5). Such patients often have
abnormal coronary circulation involving right ventricle to
coronary artery fistulas. These fistulas also may be asso-
ciated with coronary dysplasia or atresia, which in itself
may cause infarction. In the presence of such fistulas, the
effect on coronary blood flow of outflow reconstruction and
decompression of the hypertensive right ventricle is un-
known. However, postoperative changes in coronary per-
fusion patterns could have a role in the genesis of myocardial
ischemia.
We evaluated the presence of the histopathologic cor-
relates of myocardial ischemia in the hearts of patients with
pulmonary atresia and an intact ventricular septum and as-
sessed the relation of this evidence of ischemia to the pres-
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myocardial ischemia. Of these six cases, four had right
ventricular outflow reconstruction and two had shunt
operations. Death occurred from 1 to 8 days (mean 3)
after operation.
Hearts with pulmonary atresia and intact ventricular
septum may have myocardial ischemia with or without
either right ventricle to coronary artery fistulas or coro-
nary artery dysplasia. Myocardial ischemia may occur
after right ventricular outflow reconstruction or shunt
operations. Thus, myocardial ischemia occurs com-
monly in patients with pulmonary atresia and intact ven-
tricular septum and is not always related to coronary
abnormalities or operation.
(J Am CoIl CardioI1986;8:402-6)
ence or absence of coronary fistulas and coronary artery
dysplasia. and to attempted corrective or palliative surgery.
Methods
Patient selection. From the Tissue Registry of the Mayo
Clinic, 17 autopsy specimens of hearts and corresponding
clinical histories and cardiac catheterization data from pa-
tients with pulmonary atresia and intact ventricular septum
who died between January 1956 and December 1983 were
reviewed.
The specimens were classified and grouped into type /
and JJ hearts, as described by Davignon et al. (6) A type
I heart has a hypoplastic right ventricular chamber with
severely hypertrophied walls; the tricuspid valve is stenotic
but competent. A type II heart has a normal-sized or dilated
right ventricle with a grossly incompetent tricuspid valve.
Pathologic evaluation. Each heart was examined grossly
and microscopically for the presence or absence of right
ventricle to coronary artery fistulas. Each coronary artery
was sectioned at 5 mm intervals transversely along its entire
length. Representative grossly abnormal areas were pro-
cessed for light microscopy and stained with hematoxylin-
eosin and Lawson elastic-van Gieson stains. These areas
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were examined microscopically for the presence of arterial
dysplasia, as characterized by an irregular smooth muscle
arrangement in which distinction among intima, media and
adventitia was lost (7) .
The presence of myocardial ischemia or infarction was
established by histologic examination of randomly selected
transmural transverse sections from the right and left ven-
tricular free walls and the ventricular septum. Histologic
sections were prepared and stained with hematoxylin-eosin
and examined by light microscopy. The histopathologic fea-
tures of acute myocardial ischemia were characterized by
contraction band changes and by sarcoplasmic hypereosin-
ophilia with or without nuclear alterations. Acute myo-
cardial infarction was defined as the presence of a neutro-
philic infiltrate in a matrix of acute myocardial ischemiaor
the presence of coagulativenecrosis. Hemorrhagic ischemia
was interpreted as reperfusion injury. Microfocal areas of
ischemia, consisting of only a few cells, were not included
in this study. Chronic ischemia and infarction were char-
acterized by myocardial scarring with or without minorcal-
cification (calcification was not observed in acutely ischemic
or infarcted areas).
The incidence and extent of myocardial ischemia , as de-
termined microscopically, were compared amongspecimens
with or without right ventricle to coronary artery fistulas
and with or without coronary artery dysplasia. The relation
of ischemia to the operative procedure performed was also
studied.
Results
The ages at death (6 girls and 11 boys) ranged from I
day to 16 years (median, II days). There were 13 type I
hearts from patients whose ages ranged from I day to 22
months (median, 19 days). There were four type II hearts
from patients whose ages ranged from 3 days to 16 years
(median. 3.25 years). Operations performed are listed in
Table l.
Coronary arteries, Right ventricle to coronary artery
fi stulas were present in 6 (46%) of the 13 type I hearts
(Fig. I). Severe coronary artery dysplasia or atresia also
was present in five of the six hearts (Fig. IB and C). The
right coronary artery was atretic in two of the six and was
hypoplastic in another. The left anterior descending artery
was atretic in one and dysplastic in three others. Coronary
artery dysplasia was present in only one of the seven re-
maining type I hearts without fi stulas. Focal intimal redu-
plication was present in many specimens with either normal
or abnormal coronary arteries and in both type I and type
II hearts (Fig. ID). This is a normal feature of children's
hearts (8). Fistulas were not observed in any of the type II
hearts.
Myocardial ischemia and infarction. Histologic evi-
dence of myocardial ischemia or infarction was present in
10 (58%) of the 17 hearts, including 8 (61%) of 13 type I
and 2 (50%) of 4 type II hearts. Of the six type I specimens
with fistulas, ischemia or infarction was present in four,
Table 1. Histologic Features of 17 Cardiac Specimen s With Pulm onary Atresia and Intact Septum
Age at Time Between Type of
Coronary Arteries Ventricular Myocardium
Case Death Operation and Death Operation RCA LAD LCx Right Left Septum
Type I, With RV-CA Fistula
I 18 days None Normal Dysplasia Normal Normal Normal Ischemia
2 19 days At operation PV Atresia and Normal Normal Infarct Infarct Infarct
dysplasia
3 5 mo At operation Shunt Normal Normal Normal Normal Normal Normal
4 22 mo At operation RVOR Normal Dysplasia Normal Ischemia Ischemia Ischemia
5 I day None Atresia Atresia Absent Normal Infarct Not done
6 5 days At balloon septostomy None Hypoplasia Dysplasia Dysplasia Normal Normal Normal
Type I. Without RV-CA Fistula
7 2 days At operation PV and shunt Normal Normal Normal Ischemia Ischemia Ischemia
8 9 days 8 days PV Normal Normal Normal Infarct Ischemia Infarct
9 2 mo At operation Shunt Normal Normal Normal Normal Normal Normal
10 2 mo At operation Shunt Normal Normal Normal Ischemia Normal Ischemia
II 18 mo Day of operation RVOR Dysplasia Dysplasia Normal Normal Normal Normal
12 2 mo At operation Shunt Normal Normal Normal Normal Normal Normal
13 5 days At operation Shunt and PV Normal Normal Normal Infarct Infarct Normal
Type 11
14 3 days At operation Shunt Normal Normal Normal Normal Ischemia Ischemia
[5 4'12 yr At operation RVOR and shunt Absent Normal Normal Normal Ischemia Normal
16 2 yr At operation Shunt Normal Normal Normal Normal Normal Normal
17 16 yr 13 yr RVOR Normal Normal Normal Normal Normal Normal
CA = coronary artery; LAD = left anterior descending; LCx = left circumflex; PV = pulmonary valvulotomy; RCA = right coronary artery;
RV = right ventricle; RVOR = right ventricular outflow reconstruction .
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only two of which had prior right ventricular outflow tract
reconstruction (Table 1, Fig. 2). Although ischemic changes,
usually subendocardial, were observed in the right and left
ventricular free walls and ventricular septum, such changes
tended to occur primarily in the distribution of atretic or
dysplastic coronary arteries. However, coronary artery dys-
plasia was not always associated with ischemia.
Of the seven type I hearts with normal coronary arteries
(that is, no fistula or dysplasia), four had ischemic or in-
farcted regions. Infarction was present and related to the
time of operation in one case but predated operation in
another.
Of the four type II hearts, one had an absent right coro-
nary artery but none had coronary artery dysplasia. One
heart with normal coronary arteries had extensive acute isch-
emia of the left ventricular free wall and septum after a
Waterston shunt operation.
Subendocardial myocardial fibrosis with fine calcified
deposits was a common finding in both type I and type II
hearts and primarily involved the ventricular septum and
right ventricular free wall.
Figure 1. Coronary artery lesions. A, Dysplastic right coronary
artery with loss of differentiation between media and adventitia.
B, Dysplastic circumflex coronary artery with severe luminal ob-
struction. C, Dysplastic left anterior descending coronary artery
with occlusion. D, Normal right coronary artery (for comparison)
with focal intimal pad (right lower corner). (Elastic-van Gieson
stain; A, original magnification X 35, reducedby 13%; B, C and
D, original magnification x 90, reduced by 13%.)
Discussion
In this study, pulmonary atresia with intact ventricular
septum was associated with a high incidence of myocardial
ischemia or infarction, whether or not surgical palliation
was performed. Coronary anomalies, including fistulas,
dysplasia and segmental atresia, were not always associated
with ischemia or infarction.
Right ventricular hemodynamics. In patients with pul-
monary atresia and intact ventricular septum, blood may
egress from the right ventricle either by retrograde flow
across the tricuspid valve or through abnormal myocardial
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Figure 2. Right ventricular lesions. A, Acute hemorrhagic myo-
cardial ischemia (left half). B, Acute myocardial infarction, ap-
proximately 3 to 5 days old, with necrosis and neutrophilic infil-
trate. C, Acute myocardial ischemia (upper half) and focal calcified
scar (lower half). D, Subendocardial fibrosis representing old healed
myocardial infarction . (Hematoxylin-eosin stain; A and B, original
magnification x 180, reduced by 13%; C , original magnification
x 90, reduced by 13%; D, original magnification x 35, reduced
by 13%.
sinusoids or fistulas that anastomose with the coronary ar-
teries (9) . The contribution of such arterial fistulas to right
ventricular myocardial perfusion has not been investigated .
Furthermore , it is unknown whether myocardial perfusion
is altered appreciably when the hypertensive right ventricle
is decompressed after pulmonary valvotomy or right ven-
tricular outflow tract reconstruction . It has been speculated
(5) that operations that cause an abrupt or pronounced de-
crease in right ventricular pressure may change the perfusion
pattern through anomalous coronary artery connections and
cause myocardial infarction.
Determinants of ischemia. In this review of 17 cases
of pulmonary atresia and intact ventricular septum, there
was no apparent simple relation between the development
of myocardial ischemia or infarction and either the presence
of fistulas or the relief of right ventricular hypertension .
However , because myocardial ischemia is a pathophysio -
logic phenomenon, various degrees of antemortem ischemia
could occur without concomitant histopathologic alterations
and thereby could account, in part, for the lack of correlation
in the present study.
Myocardial infarction occurred in four patients with a
type I heart , two of whom did not have fistulas and one of
whom did not have an operation . Likewise, myocardial
ischemia occurred in patients with either a type I or II heart
regardless of coronary anatomy or prior operation. Myo-
cardial infarction has been noted in patients with pulmonary
atresia and intact ventricular septum and right ventricle to
coronary artery fistulas (5,10-13) and may precede correc-
tive operation (5) or even lead to right ventricular rupture
(10). In the presence of such fistulas, abnormal flow occurs
retrograde through the fistula to the coronary arteries during
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systole whereas normal flow occurs anterograde during di-
astole (7,9). It has been postulated that delayed right ven-
tricular emptying due to pulmonary atresia may prolong
retrograde coronary blood flow and thereby impede myo-
cardial perfusion and produce myocardial ischemia. How-
ever, in patients with no right ventricle to coronary artery
fistula, myocardial injury must be produced by other mech-
anisms.
Myocardial infarction and ischemia in patients with pul-
monary atresia and intact ventricular septum may be due
to multiple factors. Franciosi and Blanc (14) observed in-
farction in 33 of 44 cardiac specimens from patients with
various congenital heart lesions. Infarction occurred pre-
dominantly in the subendocardial region and papillary mus-
cles of hypertrophic and frequently hypertensive ventricles.
Significant coronary artery abnormalities were absent. Es-
terly and Oppenheimer (15) also demonstrated a high fre-
quency of myocardial infarction in 450 cases involving 15
different congenital lesions, including 19 type I hearts with
pulmonary atresia. Widespread intimal thickening of the
coronary arteries was noted but was not present in all cases
of myocardial injury.
Coronary artery dysplasia. In the present study, right
ventricle to coronary artery fistulas were associated with
obstructive dysplasia in five of six cases (7). The severity
of coronary artery dysplasia ranged from mild intimal thick-
ening without appreciable luminal occlusion to complete
obliteration. Such occlusion may have contributed directly
to the ischemia and infarction that have been associated with
infarction in several reports (15). Proliferative coronary ar-
tery dysplasia is a frequent finding in children with various
congenital heart lesions and is a common accompaniment
to the hypoplastic right heart syndrome (5,14-17). In pa-
tients with pulmonary atresia and intact ventricular septum,
dysplasia tends to be limited primarily to the right coronary
artery and its branches or to the left anterior descending
coronary artery and its septal perforating branches (15).
Conclusions. In patients in this study with pulmonary
atresia and intact septum, histologic evidence of myocardial
ischemic injury occurred regardless of the presence or ab-
sence of right ventricle to coronary artery fistulas, coronary
dysplasia or surgical manipulation.
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